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PHASE  I  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam: 

State  Located: 
County  Located: 
Stream: 

Date  of  Inspection: 


Lake  Wauwanoka  Dam 
Missouri 
Jefferson 
Dry  Creek 
27  July  1978 


The  Lake  Wauwanoka  Dam  was  visually  inspected  by  engineering  personnel  of 
the  office  of  Horner  4  Shifrin,  Inc. ,  Consulting  Engineers,  St.  Louis,  Missouri. 
The  purpose  of  the  inspection  was  to  assess  the  general  condition  of  the  dam 
with  respect  to  safety  and,  based  upon  this  inspection  and  available  data,  de¬ 
termine  if  the  dam  poses  a  hazard  to  human  life  or  property. 

The  following  summarizes  the  findings  of  the  inspection  and  the  results 
of  certain  hydrologic/hydraulic  investigations  performed  under  the  direction 
of  the  inspection  team. 

Based  on  a  visual  inspection,  the  present  general  physical  condition  of 
the  dam  is  considered  to  be  satisfactory;  however,  the  following  deficiencies 
were  noticed  during  the  inspection  and  are  considered  to  have  an  adverse 
effect  on  the  overall  safety  and  future  operation  of  the  dam: 

1.  The  ups  Team  face  of  the  dam  at  the  waterline  has  a  grass  cover,  ex¬ 
cept  for  a  section  about  300  feet  long  near  the  center  of  the  dam 
where  stone  riprap  has  been  placed  to  protect  it  from  erosion.  A 
grass  covered  slope  is  not  considered  adequate  to  protect  the  slope 
from  erosion  by  wave  action  or  from  fluctuations  of  the  water  level. 

2.  A  dense  cover  of  vegetation  that  may  contain  animal  burrows  and  nu¬ 
merous  small  trees  exist  on  the  downstream  face  of  the  dam  as  well 
as  the  area  adjacent  to  the  downstream  toe  of  slope.  Tree  roots  and 
animal  burrows  can  provide  passageways  for  seepage  that  may  develop 
into  a  piping  condition. 
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3. 


The  pipe  subdrain,  installed  to  collect  seepage  and  located  in  the 
area  adjacent  to  the  downstream  toe  of  slope  near  the  left  (looking 
downstream)  abutment,  is  in  poor  condition  for  a  portion  of  its 
length.  A  section  of  collector  pipe  is  lying  exposed  on  the  ground 
surface.  The  pipe  is  broken  with  water  flowing  from  the  broken  end 
and  ponding  on  the  area  in  the  vicinity  of  the  pipe.  Cattails  are 
present  along  the  route  of  the  pipe  in  this  area. 

4.  The  left  bank  (dam  side)  of  the  spillway  at  the  lake  approach  chan¬ 
nel  and  through  the  control  section  is  protected  from  erosion  by  a 
grass  covered  slope.  A  grass  covered  slope  is  not  considered  ade¬ 
quate  to  prevent  erosion  of  the  bank  by  high  spillway  flows. 

5.  Numerous  small  trees  exist  in  the  spillway  exit  channel  just  below 
the  crest  section.  The  presence  of  these  trees  will  obstruct  the 
flow  and  could  cause  spillway  discharge  to  overflow  the  channel  and 
flood  the  adjacent  embankment  and  the  area  adjacent  to  the  downstream 
toe  of  slope.  Flooding  of  the  area  adjacent  to  the  dam  may  impair 
the  stability  of  the  dam. 

The  crest  of  the  dam  was  found  to  be  approximately  1.5  feet  lower  at  a 
location  near  the  center  of  the  dam  than  the  crest  of  the  dam  in  the  area  ad¬ 
jacent  to  the  spillway.  As  a  result  of  this  low  top  of  dam  section,  the 
capacity  of  the  spillway  to  discharge  lake  outflow  without  overtopping  the  dam 
is  reduced  considerably.  According  to  the  criteria  set  forth  in  the  recomm¬ 
ended  guidelines  (see  text)  the  minimum  spillway  design  flood  for  this  dam, 
which  is  classified  as  intermediate  in  size  and  of  high  hazard  potential,  is 
specified  to  be  the  Probable  Maximum  Flood  (PMF) .  PMF  is  the  flood  that  may 
be  expected  from  the  most  severe  combination  of  critical  meteorologic  and 
hydrologic  conditions  that  are  reasonably  possible  in  the  region.  Results  of 
a  hydrologic/hydraulic  analysis  indicate  that  the  existing  spillway  is  inade¬ 
quate  to  pass  lake  outflow  resulting  from  a  storm  of  PMF  magnitude.  The 
spillway  is  adequate  to  pass  the  lake  outflow  resulting  from  the  1  percent 
chance  (100-year  frequency)  flood.  The  existing  spillway  is  capable  of 
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passing  lake  outflow  corresponding  to  about  27  percent  of  the  PMF.  The  length 
of  the  downstream  damage  zone,  should  failure  of  the  dam  occur,  is  estimated 
to  be  six  miles.  Within  the  possible  damage  zone  are  five  homes  and  three 
improved  road  bridges. 

A  review  of  available  data  did  not  disclose  that  seepage  and  stability 
analyses  of  the  dam  were  performed.  This  is  considered  a  deficiency  and 
should  be  rectified. 

It  is  recommended  that  the  Owner  take  the  necessary  action,  without 
delay,  to  correct  the  safety  defects  and  deficiencies  reported  herein. 

Albert  B.  Becker,  Jr. 

P.E.  Missouri  E-9168 
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PHASE  1  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


LAKE  WAUWANOKA  DAM  -  ID  NO.  30080 
SECTION  1  -  PROJECT  INFORMATION 


1 . 1  GENERAL 

a.  Authority.  National  Dam  Inspection  Art,  Public  Law  92-367,  dated 
8  August  1972. 

b.  Purpose  of  Inspection.  The  purpose  of  this  visual  inspection  was  to 
make  an  assessment  of  the  general  condition  of  the  dam  with  respect  to  safety 
and,  based  upon  available  data  and  this  inspection,  determine  if  the  dam  poses 
a  hazard  to  human  life  or  property. 

c.  Evaluation  Criteria.  This  evaluation  was  performed  in  accordance 
with  the  "Phase  I"  investigation  procedures  as  prescribed  in  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams,"  Appendix  D  to  "Report  of  the  Chief 
of  Engineers  on  the  National  Program  of  Dams,"  dated  May  1975. 


1.2  DESCRIPTION  OF  PROJECT 


a.  Description  of  Dam  and  Appurtenances.  The  Wauwanoka  Lake  Dam  is  an 
earthfill  type  embankment  constructed  across  a  narrow  valley  in  the  northeast¬ 
ern  part  of  the  Ozarks  and  rising  approximately  60  feet  above  the  original 
stream  bed.  Topography  adjacent  to  the  valley  is  rolling  to  steep.  In  gen¬ 
eral,  the  mantle  is  a  stoney,  red  clay  soil  overlying  limestone  bedrock. 

Lake  level  is  governed  by  a  spillway  section  cut  into  bedrock  and  located 
adjacent  to  the  right  (looking  downstream)  abutment.  The  control  section  of 
the  spillway  consists  of  a  concrete  wall  with  a  gated  opening  near  its  center. 
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Behind  the  spillway  a  trench  has  been  excavated  in  rock  to  provide  an  outlet 
for  the  release  of  lake  water  when  it  is  necessary  to  lower  the  lake  below 
normal  pool.  Below  the  spillway  crest  the  outlet  channel  consists  of  a 
series  of  rock  falls  that  leads  to  the  valley  floor  and  the  original  stream. 
Dry  Creek.  An  8-inch  sanitary  sewer,  that  serves  the  residential  development 
that  surrounds  the  lake,  crosses  the  spillway  channel  (the  pipe  line  is  en¬ 
cased  in  the  concrete  weir  section)  and  runs  parallel  to  the  dam.  The  sewer 
is  located  in  the  downstream  slope  just  below  the  dam  crest  at  a  depth  of 
about  4  feet.  At  a  point  near  the  left  abutment  the  sewer  line  turns  eastward 
and  proceeds  for  about  0.3  of  a  mile  to  a  treatment  plant.  At  normal  pool 
elevation  the  lake  occupies  approximately  86  acres.  A  manually  operated  slide 
gate,  located  in  the  concrete  weir  at  the  spillway,  is  capable  of  lowering  the 
lake  about  4  feet  below  the  normal  pool  level.  A  plan  of  the  Lake  Wauwanoka 
Subdivision,  showing  the  dam,  is  shown  on  Plate  2. 

b.  Location.  The  dam  and  lake  are  located  on  Dry  Creek,  approximately  2 
miles  east  of  Hillsboro,  Missouri,  in  Jefferson  County,  as  shown  on  the  Re¬ 
gional  Vicinity  Map,  Plate  1.  The  dam  is  located  in  Section  1,  Township  40 
North,  Range  4  East,  approximately  2  miles  southeast  of  the  intersection  of 
State  Highway  21  and  State  Route  A. 

c.  Size  Classification.  The  size  classification,  based  on  the  height  of 
the  dam  and  storage  capacity,  is  categorized  as  intermediate.  (Per  Table  1, 
Recommended  Guidelines  for  Safety  Inspection  of  Dams.) 

d.  Hazard  Classification.  Lake  Wauwanoka  Dam,  according  to  the  St. 

Louis  District,  Corps  of  Engineers,  has  a  high  hazard  potential,  meaning  that 
if  the  dam  should  fail,  there  may  be  loss  of  life,  serious  damage  to  homes, 
extensive  agricultural,  industrial  and  commercial  facilities,  important  public 
utilities,  main  highways,  or  railroads.  The  estimated  flood  damage  zone, 
should  failure  of  the  dam  occur,  as  determined  by  the  St.  Louis  District, 
extends  six  miles  downstream  of  the  dam.  Within  the  possible  damage  zone  are 
five  homes  and  three  improved  road  bridges. 
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e.  Ownership.  The  lake  and  dam  are  owned  by  Lake  Wauwanoka,  Inc.,  a 
corporation  comprised  of  approximately  100  members  who  are  property  owners  at 
Lake  Wauwanoka.  The  remaining  property  owners,  about  290  in  number,  are  not 
members  of  the  corporation.  The  current  chairman  of  the  corporation,  Mr.  John 
F.  Buehler,  resides  at  Lake  Wauwanoka  and  the  address  is  Route  5,  Box  199, 
Hillsboro,  Missouri,  63050. 

f.  Purpose  of  Dam.  The  dam  impounds  water  for  recreational  use  by  the 
surrounding  residential  property  owners. 

g.  Design  and  Construction  History.  The  dam  was  constructed  sometime 
during  the  early  1940's.  Based  on  the  report  by  Brucker  &  Thacker  on  the  in¬ 
vestigations  of  subsurface  conditions  (see  Charts  2-1  thru  2-9),  the  builder 
of  the  dam  was  a  Mr.  Schielly  from  Kansas  City,  Missouri.  Mr.  Schielly's 
present  location  and  status  are  unknown. 

In  1967  the  firm  of  Brucker  &  Thacker,  Consulting  Engineers,  Brentwood, 
Missouri,  was  retained  to  investigate  the  cause  of  lake  water  leaking  through 
the  dam  and  to  make  recommendations  for  sealing  the  dam  to  prevent  the  loss  of 
water.  At  that  time,  the  lake  was  estimated  to  be  losing  water  at  a  rate  of 
about  5  million  gallons  per  day  (3,500+  gpm) .  According  to  the  Owner's  rep¬ 
resentative,  earlier  attempts  to  seal  the  leak  by  pressure  grouting  the  sus¬ 
pected  permeable  areas  with  asphalt  were  unsuccessful.  Subsequently,  under 
the  direction  of  Brucker  &  Thacker,  a  grouting  program  was  undertaken  and  the 
loss  of  water  from  the  lake  was  virtually  halted.  At  present,  measurement  of 
lake  seepage  appears  to  be  on  the  order  of  4  gpm. 

According  to  the  Owner's  representative,  a  sanitary  sewer  system  serving 
the  homes  that  surround  the  lake  was  designed  by  Mr.  John  C.  Pritchard,  now 
deceased,  and  installed  about  1953.  The  Owner's  representative  reports  that 
there  have  been  no  serious  maintenance  problems  associated  with  the  sewer 
system  since  its  construction  approximately  25  years  ago. 
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In  1976,  the  Owner  improved  the  spillway  by  constructing  a  new  concrete 
weir  section  across  the  channel.  A  slide  gate  was  installed  in  the  weir  for 
the  purpose  of  partially  dewatering  the  lake. 

In  1976,  the  Owner  installed  a  subdrain  system  to  collect  and  drain  seep¬ 
age  that  appeared  in  the  vicinity  of  the  left  (looking  downstream)  abutment. 
The  owner  has  also  installed  an  aeration  system  in  the  lake  for  the  purpose  of 
controlling  aquatic  vegetation,  and  at  least  one  pond  for  the  purpose  of  pre¬ 
venting  silt  from  washing  into  the  lake.  At  present  there  is  also  a  program 
underway  to  place  stone  riprap  across  the  upstream  face  of  the  dam  in  order  to 
prevent  erosion. 

h.  Normal  Operational  Procedure.  The  lake  level  is  unregulated. 


1.3  PERTINENT  DATA 

a.  Drainage  Area.  The  area  tributary  to  the  lake,  with  the  exception  of 
the  residential  property  surrounding  the  lake  and  the  eastern  suburbs  of  the 
City  of  Hillsboro,  is  undeveloped  with  a  portion  covered  by  timber  and  the  re¬ 
mainder  used  for  agricultural  purposes.  The  watershed  above  the  dam  amounts 
to  approximately  1,320  acres.  The  watershed  area  is  outlined  on  Plate  1. 

b.  Discharge  at  Damsite. 

(1)  Estimated  known  maximum  flood  at  damsite  ...  300  cfs 

(2)  Spillway  capacity  ...  2,000  cfs 

c.  Elevation  (ft.  above  MSL) .  The  top  of  the  concrete  weir  at  the  cen¬ 
ter  of  the  gate,  located  at  the  spillway  control  section,  was  assumed  to  be 
elevation  612,  the  basis  for  this  assumption  being  the  elevation  for  the  lake 
surface  shown  on  the  1960  DeSoto,  Missouri,  Quadrangle  Map,  7.5  minute  series. 

(1)  Discharge  value  over  the  spillway  computed  for  water  surface  at  elevation 

613.5,  the  high  lake  level  since  completion  of  new  weir  in  1976  as  reported 

by  a  representative  of  the  Owner  living  adjacent  to  the  lake. 
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(1)  Top  of  dam  ...  616.6  (min.) 

(2)  Normal  pool  (spillway  crest)  ...  612.0 

(3)  Streambed  at  centerline  of  dam  ...  557+ 

(4)  Maximum  tailwater  ...  Unknown 

d .  Reservoir. 

(1)  Length  at  normal  pool  (elevation  612.0)  ...  5,100  ft. 

(2)  Length  at  maximum  pool  (elevation  616.6)  ...  5,400  ft. 

e.  Storage. 

(1)  Normal  pool  ...  2,370  ac.ft. 

(2)  Top  of  dam  (incremental)  ...  430  ac.ft. 

f .  Reservoir  Surface. 

(1)  Top  of  dam  ...  99  acres 

(2)  Normal  pool  ...  86  acres 

g.  Dam. 

(1)  Type  ...  Earthfill,  clay  core^ 

(2)  Length  ...  1,045  ft. 

(3)  Height  ...  60  ft. 

(4)  Top  width  ...  14  ft. 

(5)  Side  slopes 

a.  Upstream  ...  lv  on  3h 

b.  Downstream  ...  lv  on  2h 

(6)  Cutoff  ...  Clay  core^^ 

(7)  Slope  protection 

a.  Upstream  ...  Grass,  riprap  (at  center) 

b.  Downstream  ...  Crass 

h.  Spillway. 

(1)  Type  ...  Concrete,  unregulated 

(2)  Length  of  weir  ...  53  ft. 

(1)  According  to  quotation  appearing  In  report  by  Brucker  &  Thacker,  Consulting 
Engineers. 
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(3)  Crest  elevation  ...  612.0 

(4)  Approach  channel  ...  Lake 

(5)  Control  section  ...  Rock  cut 

(6)  Exit  channel  . . .  Rock  falls 

h.  Gate  for  Lake  Drawdown. 

(1)  Type  ...  Slide,  stainless  steel 

(2)  Operation  . . .  Manual 

(3)  Size  ...  24- inch  wide  by  30- inch  high 

(4)  Invert  elevation  ...  608.0+ 

(5)  Location  ...  Spillway  weir,  20  ft.  from  left  end  of  weir 
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SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 

With  the  exception  of  the  profile 
cated  in  paragraph  2.2,  no  engineering 
the  hydrology  of  the  watershed,  or  the 
exist. 


and  cross  sections  of  the  dam  as  indi¬ 
data  relating  to  the  design  of  the  dam, 
hydraulics  of  the  spillway  are  known  to 


2 . 2  CONSTRUCTION 


The  dam  was  constructed  sometime  during  the  early  1940' s.  According  to 
drawings  provided  by  the  Owner,  a  profile,  showing  the  dam  crest  and  the 
original  ground  line  and  cross  sections  of  the  embankment,  at  selected  inte¬ 
rvals  of  about  100  feet  on  centers,  were  developed  by  the  designer  for  use  in 
constructing  the  dam.  A  review  of  these  drawings  indicated  the  planned  top 
width  to  be  14  feet,  the  upstream  slope  ratio  to  be  lv  on  3h,  the  downstream 
slope  ratio  to  be  lv  on  2h,  and  the  maximum  height  of  dam  at  the  centerline  of 
the  structure  to  be  about  60  feet.  Fill  quantities  were  also  indicated  on  the 
sections.  Elevations  were  based  on  an  arbitrary  datum  and  not  related  to 
U.S.G.S.  datum. 


2 . 3  OPERATION 

The  lake  level  is  governed  by  overflow  of  an  uncontrolled  concrete  weir 
type  spillway.  A  representative  of  the  Owner  reported  that  a  fence  crossing 
the  spillway  control  section,  to  prevent  fish  from  being  washed  from  the  lake, 
was  removed  several  years  ago  after  experiencing  a  flood  that  nearly  over¬ 
topped  the  dam  because  debris  accumulated  on  the  fence  restricting  spillway 
discharge  and  creating  backwater  that  raised  the  lake  level. 
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Since  removal  of  the  fence  across  the  spillway  the  maximum  known  loading 
on  the  dam,  according  to  a  resident  living  adjacent  to  the  lake,  was  a  storm 
that  produced  a  rise  of  about  18  inches  above  normal  pool  level. 

In  1967  the  firm  of  Brucker  &  Thacker,  Consulting  engineers,  investigated 
the  source  of  a  leak  that  was  occurring  at  a  point  near  the  center  of  the  dam. 
Three  test  holes  (TH-1,  TH-2  and  TH-3)  were  drilled  along  the  downstream  toe 
of  slope  and  a  fourth  hole  (TH-4)  was  drilled  at  the  crest  near  the  center  of 
the  dam  for  the  purpose  of  determining  subsurface  conditions.  The  locations 
of  these  test  holes  are  shown  in  plan  on  Plate  3  and  the  boring  logs  are  shown 
on  Plate  5.  Geophysical  investigations  using  electrical  resistivity  were  also 
performed  to  aid  in  evaluating  the  subsurface  conditions  in  order  to  detect 
the  source  of  the  leak.  The  geophysical  investigations  were  performed  by  Dr. 
Richard  D.  Rechtein,  Geophysical  Consultant,  Rolla,  Missouri,  for  Brucker  & 
Thacker.  A  profile  of  the  dam  showing  the  location  of  the  resistivity  test 
points  and  Test  Holes  1,  2,  and  3  is  shown  on  Plate  4.  A  subsurface  profile 
based  on  an  interpretation  of  the  resistivity  tests  correlated  with  the  test 
borings  is  shown  on  Plate  8.  Based  on  these  subsurface  conditions,  it  was 
concluded  that  a  highly  permeable  material  (gravel)  existed  in  the  vicinity  of 
Test  Point  G-4,  or  about  350  feet  north  of  the  spillway.  A  plan  for  sealing 
the  area  of  the  dam  where  the  zone  of  permeable  materia]  was  detected  was  pre¬ 
pared  by  Brucker  &  Thacker  and,  shortly  thereafter  (about  September  of  1967), 
a  program  of  pressure  grouting  the  area  was  carried  out.  The  plan  location  of 
grout  holes  and  quantities  of  grout  injected  into  these  holes  is  shown  on 
Plates  6  and  7,  respectively.  A  report  prepared  by  Brucker  &  Thacker  concern¬ 
ing  their  investigations  and  conclusions  is  included  on  Charts  2-1  through 
2-9.  A  report  (letter)  by  Dr.  Rechtein  covering  the  initial  geophysical 
investigations  performed  under  his  direction  is  presented  on  Charts  2-10 
through  2-12.  A  follow-up  geophysical  investigation,  reference  Charts  2-13 
and  2-14,  was  also  performed  by  Dr.  Rechtein  during  October  of  1967  after 
completion  of  the  grouting  program.  A  subsurface  profile  on  the  upstream  side 
of  the  dam  and  an  electrical  resistivity  depth  profile  based  on  this  study  are 
presented  on  Plate  9.  This  investigation  indicated  that,  in  the  locations 
tested  along  the  upstream  face  of  the  dam,  there  were  no  regions  of  signifi¬ 
cant  seepage. 


2.4  EVALUATION 


I 

I 

I 

I 

] 

] 

1 

1 


a.  Availability.  Engineering  data  for  assessing  the  design  of  the  dam 
and  spillway  were  not  available. 

b.  Adequacy.  No  design  data  available.  Seepage  and  stability  analyses 
comparable  to  the  requirements  of  the  "Recommended  Guidelines  for  Safety  In¬ 
spection  of  Dams"  were  not  available,  which  is  considered  a  deficiency.  These 
seepage  and  stability  analyses  should  be  performed  for  appropriate  loading 
conditions  and  made  a  matter  of  record. 
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SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a.  General.  A  visual  inspection  of  the  dam  and  spillway  was  made  by 
Horner  &  Shifrin  engineering  personnel  on  27  July  1978.  Also  inspected  was 
the  area  downstream  from  the  dam  including  the  various  road  stream  crossings 
between  the  dam  and  Joachim  Creek.  Photographs  of  the  dam  and  spillway,  taken 
at  the  time  of  the  inspection,  are  included  on  Pages  A-l  through  A-4  of  the 
Appendix. 


b.  Dam.  The  visible  portions  of  the  upstream  and  downstream  slopes  (see 
Photos  1  and  2)  of  the  dam  appeared  to  be  in  satisfactory  condition,  although 
numerous  small  trees  and  dense  vegetation  were  present  on  the  downstream  face 
as  well  as  the  area  adjacent  to  the  dam.  Riprap,  consisting  of  crushed  lime¬ 
stone  rock  about  2-  to  3-inches  in  size,  serves  to  protect  the  upstream  face 
of  the  dam  above  and  below  the  normal  waterline  across  a  section  of  the  dam 
near  the  center.  The  remainder  of  the  upstream  face  above  the  waterline  is 
grass  covered.  No  slides,  sloughing,  or  cracking  of  the  embankment  was  no¬ 
ticed.  No  holes  or  animal  burrows  were  noticed  in  the  dam  slope  or  elsewhere. 
However,  due  to  the  dense  vegetation  covering  the  downstream  face,  it  could 
not  be  concluded  that  none  exist. 

A  broken  subdrain  pipe  (see  Photo  3),  located  in  the  area  adjacent  to  the 
downstream  toe  of  slope  near  the  left  abutment,  was  allowing  seepage  water  to 
escape  and  pond  (see  Photo  5)  in  the  vicinity  of  the  break.  The  ground  in  the 
area  along  the  route  of  the  subdrain  was  noticeably  soft  and  wet  with  cattails 
(see  Photo  6)  growing  in  several  locations.  It  could  not  be  determined  if  all 
of  the  flow  escaping  the  broken  pipe  was  recollected  by  the  subdrain.  At  the 
outlet  end  of  the  collector  pipe  (see  Photo  4)  the  flow  was  measured  to  be 
about  4  gpm. 
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The  ground  surface  in  the  area  adjacent  to  the  downstream  toe  of  slope  at 
a  point  about  350  feet  north  of  the  spillway  was  covered  with  asphalt  over  an 
area  totaling  approximately  400  square  feet.  This  asphalt  is  believed  to  be 
part  of  the  bituminous  material  used  for  grouting  during  June  and  July  of 
1967,  when  an  attempt  was  made  to  prevent  loss  of  water  from  the  lake  by 
sealing  the  permeable  zone  in  this  vicinity  of  the  dam  with  asphalt. 

Three  sanitary  sewer  manholes,  one  at  each  end  and  one  near  the  center  of 
the  dam,  are  present  on  the  downstream  face  just  below  the  dam  crest.  Heavy 
concrete  slabs  without  access  lids  cover  the  manholes  and  prevented  inspection 
of  the  interior. 

The  elevation  of  the  dam  crest,  as  determined  by  survey,  was  found  to  be 
approximately  1.5  feet  lower  across  the  central  area  of  the  dam  than  the  top 
of  dam  in  the  area  adjacent  to  the  spillway.  A  plot  of  the  1967  Brucker  & 
Thacker  survey  data  also  indicated  the  top  of  the  dam  to  be  1.5  feet  lower  at 
a  location  near  the  center  than  the  top  of  the  dam  in  the  area  near  the  spill¬ 
way.  Due  to  the  fact  that  the  two  surveys  (1967  and  1978)  were  made  using 
different  elevation  datum,  exact  correlation  of  the  top  of  dam  levels,  in 
order  to  determine  interim  settlement,  could  not  be  made.  A  profile  of  the 
dam  crest  centerline  extending  through  the  spillway  section,  based  on  survey 
data  obtained  during  the  inspection,  is  shown  on  Plate  9. 

c.  Spillway.  The  concrete  spillway  weir  (see  Photo  7)  and  stainless 
steel  slide  gate  appeared  to  be  in  good  condition.  No  deterioration  of  the 
concrete  due  to  weathering  or  damage  from  ice  was  noticed.  At  the  time  of  the 
inspection,  the  lake  level  was  about  0.1  foot  above  the  weir  at  the  gate  loca¬ 
tion.  The  flow  passing  the  weir  was  concentrated  in  a  trench  cut  in  the  rock 
(limestone)  floor  of  the  control  section.  The  trench  was  found  to  be  approx¬ 
imately  6  feet  wide,  4  feet  deep,  and  120  feet  long  at  the  control  section. 

The  gate  at  the  concrete  weir  is  located  in  lime  with  the  trench.  Through  the 
control  section,  the  right  bank  is  in  rock  cut  while  the  left  bank,  dam,  (see 
Photo  7)  consists  of  earthfill  with  a  turf  cover.  The  exit  channel  itmediately 
below  the  control  section  consists  of  a  series  of  rock  falls  with  numerous 
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small  trees  (see  Photo  8)  growing  in  several  locations.  A  profile  of  the 
spillway  channel  from  the  weir  to  a  point  downstream  of  the  control  section  is 
shown  on  Plate  9. 

d.  Downstream  Channel.  The  downstream  channel  is  unimproved.  Dry  Creek 
joins  Little  Creek  about  2  miles  below  the  dam  and  Little  Creek  joins  Joachim 
Creek  about  6  miles  below  the  dam. 

e.  Reservoir.  The  area  surrounding  the  lake  is  nearly  entirely  occupied 
by  homes  and  other  improvements.  Concrete  walls  serve  to  protect  the  shore 
line  at  many  locations.  A  beach  for  swimming  is  located  at  the  upstream  end 
of  the  lake.  An  aeration  system  for  controlling  aquatic  growth,  consisting  of 
four  small  electrically  operated  compressors  with  plastic  tubing  air  lines 
that  distribute  air  to  various  areas  of  the  lake,  is  located  about  the  lake. 

A  small  pond,  located  just  upstream  of  a  cove  on  the  north  side  of  the  lake, 
serves  to  prevent  siltation  of  this  arm  of  the  lake.  According  to  a  repre¬ 
sentative  of  the  Owner,  there  is  no  appreciable  sediment  within  the  lake  at 
the  present  time. 


3 . 2  EVALUATION 

The  deficiencies  observed  during  this  inspection  are  not  considered  sig¬ 
nificant  to  warrant  immediate  remedial  action. 
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SECTION  4  -  OPERATIONAL  PROCEDURES 

4 . 1  PROCEDURES 

The  spillway  is  uncontrolled.  The  water  surface  level  is  governed  by 
rainfall  runoff,  evaporation,  seepage,  and  the  capacity  of  the  uncontrolled 
spillway. 


4.2  MAINTENANCE  OF  DAM  AND  SPILLWAY 

According  to  the  Owner's  representative,  the  grass  on  the  dam  crest  and 
the  upstream  face  of  the  dam  is  mowed  frequently  throughout  the  growing  sea¬ 
son.  Riprap,  consisting  of  2-  to  3-  inch  size  limestone,  is  periodically 
being  placed  across  the  upstream  face  of  the  dam  and,  to  date,  about  30  per¬ 
cent  of  the  dam  has  been  covered.  Vegetation  on  the  downstream  slope  and  the 
area  adjacent  to  the  toe  of  dam  is  sprayed  yearly  to  control  weed  growth.  The 
entire  downstream  area  was  cleared  of  trees  and  brush  in  1976.  The  Owner's 
representative  reported  that  the  dam  has  been  seeded  with  K-31  Fescue  grass  on 
several  occasions  and  that  the  grass  covered  areas  are  fertilized  once  a  year. 

The  subdrain  system  located  near  the  left  abutment  was  installed  in  1976 
in  an  attempt  to  drain  and  dry  out  the  swampy  areas  below  the  north  end  of  the 
dam.  Further,  the  Owner's  representative  reported  that  when  the  lake  was 
lowered  about  3.5  feet  in  1977,  the  rate  of  flow  as  measured  at  the  outlet  end 
of  the  subdrain  pipe  was  reduced  from  approximately  3.6  gpm  to  1.5  gpm. 

A  new  concrete  weir,  including  a  gate  to  partially  dewater  the  lake,  was 
installed  across  the  spillway  in  1976  replacing  a  deteriorated  concrete  and 
masonry  structure. 


An  inspection  of  the  dam  was  made  by  the  Soil  Conservation  Service  (SCS) 
in  1974.  This  inspection  indicated  the  existence  of  many  minor  deficiencies. 
These  def iciencies,  along  with  recommendations  for  remedial  work  to  resolve 
these  problems,  are  presented  in  their  letter  of  12  April  1974  and  are  in¬ 
cluded  herein  as  reference  Charts  4-1  through  4-3. 


4.3  MAINTENANCE  OE  OUTLET  OPERATING  FACILITIES 

No  spillway  control  facilities  exist  at  this  dam,  with  the  exception  of 
the  24-inch  wide  by  30-inch  high  slide  gate  located  at  the  spillway  weir  and 
used  to  partially  dewater  the  lake.  Since  this  gate  is  fabricated  of  stain¬ 
less  steel,  little  maintenance  is  required. 


4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT 

The  inspection  did  not  reveal  the  existence  of  a  dam  failure  warning 
system. 


4 . 5  EVALUATION 


Based  on  the  general  condition  of  the  dam  and  spillway,  as  well  as  the 
interest  and  concern  shown  by  the  Owner's  representative  in  charge  of  dam 
maintenance,  it  is  evident  that  the  dam  and  appurtenant  structures  are,  for 
the  most  part,  well  maintained.  It  is  recommended,  however,  that  the  grass 
and  vegetation  on  the  downstream  slope  be  cut  periodically  during  the  growing 
season. 
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SECTION  5  -  HYDRAULIC/ HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data.  Design  data  Is  not  available. 

b.  Experience  Data.  The  drainage  area  and  lake  surface  area  were  meas¬ 
ured  from  the  USGS  DeSoto,  Missouri,  Quadrangle  Map.  The  proportions  and 
dimensions  of  the  spillway  and  dam  were  determined  by  surveys  made  during  the 
inspection. 

c .  Visual  Observations. 

(1)  The  concrete  weir  spillway  crest  and  the  excavated  rock  outlet  chan¬ 
nel  and  rock  falls  are  in  good  condition.  Numerous  small  trees  exist  in  some 
areas  of  the  exit  channel. 

(2)  A  2-foot  wide  by  3-foot  high  stainless  steel  slide  gate  in  the  con¬ 
crete  weir  section  and  an  excavated  trench,  6+  feet  wide  by  4+  feet  high, 
through  the  rock  outlet  channel  section  are  provided  to  partially  dewater  (to 
elevation  608.0+)  the  lake. 

(3)  The  spillway  and  outlet  channel  are  located  in  the  right  abutment  of 
the  dam.  Spillway  releases  within  the  capacity  of  the  spillway  section  will 
not  endanger  the  integrity  of  the  dam. 

d.  Overtopping  Potential.  The  spillway  section  is  not  adequate  to  pass 
the  probable  maximum  flood  or  the  1/2  probable  maximum  flood,  but  will  pass 
the  1  percent  chance  (100-year  frequency)  flood  without  overtopping  the  dam. 
The  results  of  a  dam  overtopping  analysis  are  as  follows: 
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Ratio  of  PMF 

Q  -  Peak 
Outflow 
(cfs) 

Max.  Lake  Water 
Surface  Elevation 

Max iraum 

Depth  of  Flow 
Over  Dam 
(Elev.  616.6) 

Duration  of 
Overtopping 
of  Dam 
(Hours) 

0.27 

2,000 

616.6 

0 

0 

0.50 

6,500 

618.5 

1.9 

2.9 

1.0 

17,300 

620.  3 

3.7 

5.9 

00-Year  Flood 

1,540 

615.9 

0 

0 

The  flow  safely  passing  the  spillway  just  prior  to  overtopping  amounts  to 
about  2,000  cfs,  which  is  the  outflow  corresponding  to  about  27  percent  of  the 
probable  maximum  flood  inflow  and  exceeds  the  outflow  from  the  1  percent 
chance  (100-year  frequency)  flood. 


Procedures  and  data  for  determining  the  probable  maximum  flood,  the  100- 
year  frequency  flood,  and  the  discharge  rating  curve  for  flow  over  the  spill¬ 
way  and  the  dam  crest  are  presented  on  Pages  B-l  and  B-2  of  the  Appendix.  A 
listing  of  the  HEC-1DB  input  data  is  shown  on  Pages  B-3  through  B-5  of  the 
Appendix. 
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SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations.  Visual  observations  which  adversely  affect  the 
structural  stability  of  the  dam  are  discussed  in  Section  3,  paragraph  3.1b. 

b.  Design  and  Construction  Data.  No  design  and  construction  data  relat¬ 
ing  to  the  structural  stability  of  the  dam  are  known  to  exist. 

c.  Operating  Records.  No  appurtenant  structures  or  facilities  requiring 
operation  exist  at  this  dam.  The  Owner  has  monitored  seepage  (flow  rate  meas¬ 
ured  at  outlet  of  subdrain  pipe)  since  installation  of  the  collector  pipe  in 
1976,  and  has  also  determined  the  relative  elevations  of  the  dam  and  spillway 
crests  by  survey.  Measured  seepage  as  indicated  was  found  to  be  on  the  order 
of  3.6  gpm  with  the  lake  at  normal  pool  level,  and  the  dam  crest  was  deter¬ 
mined  to  be  lower  at  the  center  than  at  the  south  (spillway)  or  north  ends. 
Both  determinations  were  verified  at  the  time  of  the  visual  inspection. 

d.  Post  Construction  Changes.  With  the  exceptions  of  the  grouting  done 
in  1967  under  the  direction  of  Brucker  &  Thacker,  Consulting  Engineers,  the 
sanitary  sewer  installed  in  the  downstream  slope  just  below  the  crest  and  par¬ 
alleling  the  dam,  and  the  subdrain  installed  in  the  area  below  the  dam  near 
the  left  abutment,  no  post  construction  changes  were  made  which  could  affect 
the  structural  stability  of  the  dam,  according  to  the  Owner's  representative. 

e.  Seismic  Stability.  Since  the  dam  is  located  within  a  Zone  II  seismic 
probability  area,  an  earthquake  of  the  magnitude  predicted  is  not  expected  to 
produce  a  hazardous  condition  to  the  dam,  provided  that  static  stability  con¬ 
ditions  are  satisfactory  and  conventional  safety  margins  exist. 
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SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Safety.  A  hydraulic  analysis  indicated  the  spillway  to  be  capable  of 
passing  lake  outflow  of  about  2,000  cfs  without  the  level  of  the  lake  exceed¬ 
ing  the  low  point  in  the  dam.  A  hydrologic  analysis  of  the  lake  watershed 
area,  as  discussed  in  Section  5,  indicated  that  for  storm  runoff  of  probable 
maximum  flood  magnitude  the  lake  outflow  would  be  on  the  order  of  17,300  cfs, 
and  for  the  1  percent  chance  (100-year  frequency)  flood  the  lake  outflow  would 
be  approximately  1,540  cfs. 

No  stability  or  seepage  analyses  of  the  dam,  nor  hydraulic  analyses  of 
the  spillway,  are  known  to  exist. 

b.  Adequacy  of  Information.  Due  to  the  lack  of  sufficient  detail  engi¬ 
neering  design  and  construction  data,  the  assessments  reported  herein  were 
based  largely  on  external  conditions  as  determined  during  the  visual  inspec¬ 
tion.  The  data  and  reports  prepared  by  Brucker  &  Thacker,  Consulting  Engi¬ 
neers,  and  by  Dr.  Rechtien,  Geophysical  Consultant,  were  used  in  evaluating 
the  condition  of  the  dam  with  regard  to  seepage.  Those  recommendations  with 
regard  to  the  hydrology  of  the  watershed  and  the  capacity  of  the  spillway  were 
based  on  a  hydraulic/hydrologic  study.  Seepage  and  stability  analyses  compar¬ 
able  to  the  requirements  of  the  "Recommended  Guidelines  for  Safety  Inspection 
of  Dams"  were  not  available,  which  is  considered  a  deficiency. 

c.  Urgency.  The  items  concerning  the  safety  of  the  dam  noted  in  para¬ 
graph  7.1a  and  the  remedial  measures  recommended  in  paragraph  7.2  should  be 
accomplished  in  the  near  future. 

d.  Necessity  for  Phase  II.  Based  on  the  results  of  the  Phase  T  inspec¬ 
tion,  a  Phase  II  investigation  is  not  recommended. 
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e.  Selsmi,  Stability.  Since  the  dam  Is  located  within  a  Zone  II  seismic 
probability  area,  an  earthquake  of  the  magnitude  predicted  is  not  expected  to 
produce  a  hazardous  condition  to  the  dam,  provided  that  static  stability  con¬ 
ditions  are  satisfactory  and  conventional  safety  margins  exist. 

7.2  REMEDIAL  MEASURES 

a.  Recommendations.  The  following  actions  are  recommended: 

(1)  Based  upon  criteria  set  forth  in  the  recommended  guidelines,  alter¬ 
ations  to  the  design  of  the  dam  should  be  made  in  order  to  pass  lake  outflow 
resulting  from  a  storm  of  probable  maximum  flood  magnitude.  It  is  recommended, 
in  any  event,  that  the  low  area  located  near  the  center  of  the  dam  be  raised 
so  that  it  does  not  govern  spillway  capacity. 

(2)  Obtain  the  necessary  soil  data  and  perform  stability  and  seepage 
analyses  in  order  to  determine  the  structural  stability  of  the  dam  for  all 
operational  conditions.  Seepage  and  stability  analyses  should  be  performed  by 
a  professional  engineer  experienced  in  the  design  and  construction  of  dams. 

b.  0  &  M  Maintenance  and  Procedures.  The  following  0  &  M  maintenance 
and  procedures  are  recommended: 

(1)  Provide  slope  protection  across  the  remaining  portions  of  the  up¬ 
stream  face  of  the  dam  above  and  below  the  normal  waterline  in  order  to  pre¬ 
vent  erosion  by  wave  action  or  fluctuation  in  lake  level.  If  stone  riprap  is 
to  be  used,  it  is  recommended  that  the  smaller  (2-  to  3-Inch  size)  stone  be 
covered  with  a  layer  of  larger  size  stone  in  order  to  insure  stability  of  the 
smaller  size  course. 

(2)  Remove  the  small  trees  and  dense  vegetation  from  the  downstream  face 
and  the  area  adjacent  to  the  dam.  The  existing  turf  cover  should  be  restored 


if  destroyed  or  missing.  Maintain  the  turf  cover  on  the  slope  and  below  the 
dam  at  a  height  that  will  not  hinder  inspection  or  harbor  burrowing  animals. 
Voids  created  by  burrowing  animals  and  tree  roots  can  provide  pathways  for 
seepage  and  the  possibility  of  piping. 

(3)  Restore  the  pipe  subdrain  located  in  the  area  adjacent  to  and  below 
the  left  abutment  in  order  to  prevent  loss  of  water  from  the  collector  pipe 
and  subsequent  softening  of  the  ground  in  the  vicinity  of  the  pipe.  Wet,  soft 
ground  can  impair  the  stability  of  the  dam.  The  collector  pipe  should  be  in¬ 
stalled  such  that  it  is  not  subject  to  damage  by  maintenance  equipment. 

(4)  Provide  some  form  of  slope  protection  at  the  left  bank  of  the  spill¬ 
way  in  the  area  adjacent  to  the  dam.  Lake  outflow  corresponding  to  the  recom¬ 
mended  spillway  design  flood  or  lesser  floods  could  severely  erode  this  grass 
covered  bank. 

(5)  Remove  the  trees  from  the  spillway  exit  channel  section  in  order  to 
allow  flow  to  reach  the  downstream  channel  unrestricted.  Restricting  spillway 
discharge  can  result  in  flooding  of  the  area  adjacent  to  the  downstream  toe  of 
dam  and  conditions  detrimental  to  the  stability  of  the  embankment. 

(6)  A  detailed  inspection  of  the  dam  should  be  instituted  on  a  regular 
basis  by  an  engineer  experienced  in  the  design  and  construction  of  earthfill 
type  dams.  It  is  also  recommended,  for  future  reference,  that  records  be  kept 
of  all  inspections  and  remedial  measures. 
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(Draft  copy  of  report  prepared  by  Nrucker  &  Thacker,  Consulting  Engineers, 
about  August  1967.  Copy  re-typed  by  Horner  &  Shifrin  in  order  to  improve 
legibility.  Final  report  unavailable  at  this  time.) 

Investigation  of  Subsurface  Conditions 

LAKE  WAUWANOKA 
HILLSBORO,  MISSOURI 

Lake  Wauwanoka  approximately  one  and  one-half  miles  east  of 
Hillsboro  in  Jefferson  County,  Missouri,  was  built  in  the  early 
1940' s.  When  full,  the  lake  has  an  area  of  approximately  92  acres 
and  a  watershed  of  approximately  1350  acres  giving  a  watershed  to 
lake  ratio  of  approximately  14-1/2:1.  The  dam  was  built  across  a 
branch  of  Dry  Creek  by  Mr.  Schielly  of  Kansas  City,  Missouri, 
who  was  referred  to  in  older  correspondence  as  "the  engineer  who 
laid  out  the  original  project  at  our  lake."  Most  of  the  information 
concerning  the  preliminary  planning,  construction  details  and  plans 
has  been  furnished  by  older  residents  at  Lake  Wauwanoka. 

This  office  was  retained  by  Lake  Wauwanoka,  Inc.,  to  investi¬ 
gate  the  source  of  leakage  beneath  the  dam  at  Lake  Wauwanoka  and  to 
make  recommendations  for  corrective  work.  Verbal  discussions  held 
with  various  lot  owners  and  others  associated  with  Lake  Wauwanoka 
at  various  meetings  indicated  a  divergence  of  views  as  to  the 

original  construction  and  a  _  of  XXXXXXXXXXX  written  records. 

The  earliest  information  of  a  written  nature  was  a  letter  X  of 
June  1952  written  by  Mr.  Dierkes,  a  member  of  the  board  of 
directors  of  Lake  Wauwanoka,  of  which  the  following  is  a  partial 
quote  outlining  the  beginnings  of  the  dam  construction  as  counted 
by  Mr.  Dierkes  from  information  he  was  able  gather  at  that  time. 

"When  the  dam  was  built,  the  contractor  cleared  all  earth 
and  gravel  from  the  site  to  solid  limestone  even  to  the  extent 
that  the  surface  was  swept  clean  with  brooms.  However,  on  the 
south  side  about  250  feet  from  the  spillway  they  encountered  a 
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of  sandstone  of  brownish  color  about  3  feet  deep  and  AO  to  50  feet 
in  length  which  he  XXX  stated  was  removed  and  a  facing  of  rock  and 
concrete  was  placed  on  both  sides.  The  key  and  core  of  the  dam 
were  then  built  of  good,  clean  clay  and  the  dam  completed  having 
a  3  to  1  slope  on  the  water  side  and  a  2  to  1  XX  slope  on  the  lower 
side.  Since  the  leak  is  in  evidence  in  that  portion  of  the  structure 
he  feels  that  possibly  a  leak  may  have  developed  through  this 
point.” 

The  only  other  written  information  and  records  that  could 
be  obtained  were  a  cross  section  along  the  centerline  of  the 
dam  which  was  furnished  by  Barney  Schubel  and  several  logs 
furnished  by  Walter  Freuler  covering  generalized  logs  of  some  of 
the  holes  which  were  pumped  with  asphalt  during  the  period  of 
June  12,  1967  through  July  26. 

Investigative  Program 

Because  of  lack  of  information  with  regard  to  investigative 
work  construction  and  remedial  work  down  the  dam  this  office 
recommended  that  topography  be  prepared  of  the  dam  area  before 
investigative  work  was  started  so  as  to  have  some  base  map  on 
which  to  plot  and  evaluate  information.  This  work  was  completed 
in  the  vicinity  of  the  dam. 

Core  Drilling 

Four  test  holes  were  drilled  with  a  truck-mounted  continuous 
flight  auger  rig  compable  of  coring  rock.  The  first  three  test 
holes  were  drilled  on  the  downstream  face  of  the  dam  at  the 
locations  shown  on  Figure  1.  These  test  holes  were  drilled 
beneath  the  ground  surface  until  approximately  30  feet  of  good 
rock  had  been  encountered.  In  addition,  a  fourth  test  hole  was 
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drilled  along  the  centerline  of  the  dam  through  the  core  and 
extended  a  total  depth  of  approximately  110  to  118  feet.  This 
test  hole  was  drilled  in  an  area  XXX  through  which  previous 
information  had  indicated  a  likelihood  of  water  entering  the  dam 
and  also  to  get  information  on  the  core  of  the  dam  itself.  Although 
these  test  holes  were  widely  scattered,  they  were  to  serve  as 
controls  for  geophysical  work  which  was  also  planned,  hogs  of 
the  test  holes  showing  the  nature  and  thicknesses  of  the  various 
rock  types  encountered  and  the  percent  of  core  recovery  are  shown 

on  Figure  _ .  In  addition,  photographs  of  the  cores  are  shown 

on  Figures  3-1  through  3-4. 

3.  Geophysical  Investigation 

Geophysical  work  using  electrical  resistivity  was  performed 
along  the  downstream  face  of  the  dam  XX  in  a  line  with  the  three 
test  holes  previously  drilled.  Vertical  profiles  were  run  at 
12  locations  along  the  downstream  face  of  the  dam.  These  locations 
are  numbered  G-l  through  G-12  and  were  carried  where  possible  to 
depths  of  60  feet.  In  addition,  two  horizontal  resistivity  profiles 
were  taken  along  the  base  of  the  dam  at  intervals  of  5  feet.  The 
depths  of  these  horizontal  profiles  were  15  and  20  feet  respectively. 

These  profiles  were  employed  to  determine  any  horizontal  discontinuity 
of  the  rock  structure  at  these  depths.  In  general,  the  rock  to  the 
north  of  the  leak  in  the  dam  consisted  of  relatively  sound  bedrock 
XXXXX  consisting  of  several  uniform  layers  of  limestone  overlain 
by  approximately  12  feet  of  overburden.  Similar  information  and 
rock  structures  were  found  on  the  south  edge  of  the  dam  between 
geophysical  stations  G-l  through  G-3.  However,  between  G-3  and 
the  leak  the  type  of  data  obtained  was  very  eratic  suggesting 
a  highly  permeable  material  probably  gravel.  The  interpretation 
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from  the  geophysical  data  is  shown  on  Figure  _ .  Additional 

geophysical  investigative  work  was  attempted  approximately  halfway 
up  of  the  downstream  face  of  the  dam  but  the  presence  of  asphalt 
completed  prevented  any  readings  based  upon  electrical  resistivity. 
Because  of  the  riprap  on  the  upstream  face  of  the  dam,  no  electrical 
resistivity  work  was  attempted  in  this  area  nor  on  top  of  the  dam 
XXX  since  the  depths  were  becoming  increasingly  large. 

Leakage  Beneath  the  Dam 


Since  our  initial  observation  of  the  dam  on  July  31,  1967, 
it  appears  that  the  rate  of  loss  of  water  has  been  roughly  constant. 
It  has  been  estimated  to  be  on  the  nature  of  5  to  5  million  gallons 
a  day  although  to  our  knowledge  no  actual  measurements  of  the  rate 
have  made.  A  minor  amount  of  sluffing  of  the  embankment  has 
occurred  on  the  downstream  source  of  the  dam  adjacent  to  the 
leak,  exposing  thin  layers  of  sand  and  gravel  in  the  embankment 


at  this  point.  The  diameter  of  the  hole  is  approximately  12  to 
15  feet.  Water  appears  to  be  rising  vertically  through  the  gravel 
which  is  in  a  quick  condition  and  frequently  the  force  of  the 
water  is  sufficient  to  break  the  surface  of  the  pool.  The  gravel 
at  the  points  of  water  escape  is  at  a  constant  state  of  agitation 
and  asphalt  can  be  observed  escaping  in  the  stream  which  flows 
away  from  the  dam.  At  all  times  of  our  observation,  the  water 
is  relatively  clean  indicating  little  or  no  loss  of  soil  and 
thus  implying  that  the  water  is  being  XX  filtered  through  gravel 
fracture  or  porous  limestone  and  not  causing  or  allowing  any  loss 
of  soil. 
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Investigation 

The  investigative  work  performed  under  supervision  of  this 
office  consisted  primarily  of  core  drilling  and  geophysical  work. 

Three  test  holes  were  drilled  along  the  downstream  slope  of 
the  dam.  The  locations  of  these  test  holes  are  shown  on  Figure  1. 
Test  Holes  1  and  3  were  carried  approximately  30  feet  into  solid 
rock  where  core  recovery  was  good  to  excellent.  These  cores 
indicated  that  there  was  little  likelihood  of  loss  of  water  at 
either  of  these  two  points.  Test  Hole  2  was  drilled  immediately 
south  of  the  leak  in  the  downstream  slope  of  the  dam.  Rock 
was  encountered  at  approximately  20  feet  below  the  surface  and 
the  cores  show  a  high  degree  of  fractured  limestone. 

A  fourth  test  hole  was  drilled  from  the  crest  of  the  dam. 

This  test  hole  was  drilled  in  an  area  where  considerable  holes 
had  been  previously  drilled  and  into  which  asphalt  had  been 
pumped.  The  purpose  of  drilling  this  hole  was  to  verify  the 
nacure  and  consistency  of  the  material  in  the  dam  and  core  and 
also  to  check  to  see  whether  or  not  the  asphalt  grouting  had 
been  effective  in  this  area  as  well  as  to  check  for  similarity 
in  rock  conditions.  The  rock  cores  encountered  in  this  test 
hole  were  comparable  to  those  in  Test  Hole  2  which  consisted 
of  fractured  limestone.  Some  asphalt  was  also  encountered  of 
a  relatively  minor  nature  as  shown  on  the  logs. 

The  following  of  avenues  of  corrective  work  were  explored 
standpipe  over  the  leak. 

STANDPIPE  OVER  THE  LEAK 

This  idea  was  initially  suggested  when  information 
available  to  us  indicated  that  rock  was  probably  8  to  11 
feet  beneath  the  ground  surface  where  the  leak  Is  occurring  and 
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because  we  had  heard  that  higher  leakage  from  this  point 
had  always  been  fairly  well  concentrated  in  a  small  area. 

The  use  of  the  standpipe  over  the  leak  had  been 
suggested  in  conjunction  with  pressure  grouting  of  the 
voids  through  which  the  water  was  percolating.  This 
idea  sound  from  an  engineering  standpoint  appeared  to 
have  too  many  difficulties  associated  with  it.  These 
consisted  of  the  following.  Test  Hole  2  indicated  that 
rock  good  sound  rock  was  approximately  23  feet  below  the 
surface  below  this  point.  One  of  the  contractors 
who  previously  worked  in  this  area  indicated  the  large 
boulders  the  size  of  half  a  cubic  yard  or  more  had  been 
pushed  into  the  area  where  the  leak  is  occurring 
and  had  sunk  out  of  site  due  to  the  "quick"  condition. 

As  a  result,  excavation  down  to  the  rock  would  have  been 
far  in  excess  of  what  had  originally  been  anticipated 
and  the  possibility  of  sinking  a  casson-type  structure 
into  the  gravel  which  is  in  a  "quick"  condition  indicated 
the  likelihood  of  poor  or  no  success  due  to  the  presence 
of  large  boulders  on  top  of  the  rock  on  which  the  casson 
structure  might  easily  become  hung  and  a  good  seal 
between  the  casson  and  the  rock  being  prevented. 

A  MEMBRANE  OVER  THE  LAKE  BOTTOM: 

Although  this  was  never  seriously  considered  by  this 
office  due  to  the  relatively  high  cost,  approximately 
$1.00  per  square  yard  for  material  alone,  this  possibility 
was  rejected  on  two  accounts:  (1)  information  available 
indicated  that  during  the  excavation  for  the  lake  the  soil 
cover  which  was  originally  thin  in  its  natural  condition  had 
been  removed  down  to  gravel  or  shattered  rock. 
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PRESSURE  GROUTING: 


Although  the  pressure  grouting  was  part  of  the  original 
idea  in  conjunction  with  the  standpipe,  the  primary  purpose 
of  the  standpipe  was  to  prevent  the  escape  of  the  water 
and  also  to  slow  the  water  down  sufficiently  so  that  grouting 
could  be  more  easily  undertaken. 
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26  August,  1967 


TO;  Brucker  4  Thacker 

1045  S,  Brentwood  Blvd, 

Richmond  Heights  1 7,  Mo. 

FROM;  Dr,  Richard  D.  Rechtlen 
Geophysical  Consultant 
4  Crestvlaw  Ave, 

Rol la,  Ml ssourl 

SUBJECT;  Report  of  the  Geophysical  Investigation  of  the  Lake 
Wauwanoka  Dam,  Hillsboro,  Missouri 

INVESTIGATION  OBJECTIVE; 

The  purpose  of  the  Investigation  was  to  determine  the  condition  of 
the  subsurface  material  underlying  the  Lake  Wauwanoka  Dam  In  an  effort 
to  detect  the  point,  or  points,  of  water  leakage  beneath  the  dam, 

FIELD  INVESTIGATION; 

The  electrical  resistivity  method  was  emploved  to  Investigate  the 
subsurface.  Field  work  was  conducted  on  the  21,  22  and  25th  of  August, 

1967, 

Vortical  profile  data  was  taken  at  twelve  locations  along  the  base 
of  the  dam.  These  locations  are  shown  In  Figure  I,  Where  possible,  data 
was  taKen  to  depths  of  60  feet. 

Two  horizontal  resistivity  profiles  were  taken  along  the  base  of 
the  dam  at  Intervals  of  5  feet.  The  depths  of  Investigation  were  15  and 
20  feet  respectively.  These  profiles  were  taken  to  determine  any 
horizontal  discontinuity  In  the  rock  structure  at  these  depths, 

RESULTS: 

The  results  of  this  Investigation  are  summarized  In  Figure  I,  This 
figure  Is  a  direct  overlay  of  the  dam  profile  figure  supplied  by  G,  Brucker, 
The  actual  resistivity  data  Is  not  presented  as  It  would  be  quite 
meaningless  to  the  untrained  eye.  This  data,  however,  Is  available  upon 
request. 

The  resistivity  data  was  correlated  with  core  data  taken  In  three 
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drill  holes.  The  location  of  theso  holos  ero  also  shown  tn  the  figure. 

The  resistivity  data  taken  at  test  points  G-7  through  G*  1  was 
uniform  and  correlation  of  tho  substrata  from  one  tost  nolnt  to  another 
was  relatively  straightforward.  The  data  takon  In  this  region  showed 
a  sequence  of  level,  uniform  layers  of  I Imostone  overlain  by  12  feet 
of  overburden.  The  electrical  resistivity  data  of  G-7  through  G-ll 
Indicated  that  the  I Imestone  layers  In  this  region  wore  slightly  more 
weathered  than  In  the  vicinity  of  G-12  and  consequently  had  a  slightly 
higher  permeability  than  normal.  The  electrical  resistivity  of  tho 
overburden  was  Indicative  of  a  compacted  clay  with  some  sand  and  gravol. 

The  data  from  G-l  and  G-2  and  tho  shallow  data  from  G-3  correlated 
well  with  the  core  data  and  with  the  geophysical  data  from  G-7  through 
G-12,  The  12  foot  depth  Interface,  however,  was  not  detected  at  test 
points  G-2  through  G-6,  Bedrock  was  detected  at  G-2  and  G-3  at  a 
depth  of  13,5  feat  relative  to  ground  level  at  these  points. 

The  measurements  taken  at  test  points  G-5  and  G-6  were  restricted 
to  depths  of  35  and  25  feet  respectively  due  to  requirements  of  electrode 
separation  and  the  proximity  of  the  water  outflow  at  the  base  of  the  dam. 
The  data  taken  at  these  test  points  and  the  data  from  G-4  and  the  deeper 
data  from  G-3  showed  quite  different  results  than  from  the  other  test 
points  and  did  not  correlate  with  the  other  geophysical  data.  In 
reference  to. the  figure,  the  data  from  G-5  and  G-6  and  from  the  horizontal 
profiling  showed  a  discontinuity  In  the  shallow  limestone  layers  and 
bedrock  was  found  at  a  depth  of  30  and  20  feet  respectively.  The 
bedrock  here  was  overlain  by  two  distinguishable  layers  of  a  well 
compacted  clay-type  material. 

The  data  at  G-4  was  taken  to  a  depth  of  34  feet.  The  data  here 
was  very  erratic  and  was  Indicative  of  a  clav-tvpe  material  down  to 
a  depth  of  15  feet  and  underlain  by  gravel,  Bedrock  for  this  test 
point  was  not  clearly  discernible,  but  Indications  wore  that  It  may  be 
located  between  33-35  feet  In  depth. 

The  deeper  data  from  G-3  complimented  that  from  G-4,  Indicating  the 
presence  of  a  gravel  at  depths  between  21  and  34  foot,  below  which 
I*  appeared  that  solid  rock  again  existed. 

CONCLUSION: 

In  view  of  the  electrical  resistivity  and  core  data,  a  subsurface 
condition  summarized  by  Figure  I  Is  concluded.  These  data  strongly 
suggest  the  presence  of  a  highly  permeable  material,  probably  gravel, 

In  the  vicinity  of  test  point  G-4,  It  Is  most  probable  that  the  deposit 
Is  tho  remains  of  the  old  creek  bod.  The  extent  of  this  deposit  In 
a  direction  parallel  to  the  dam  does  not  probably  exceed  a  distance  of 
45  feet  and  Is  most  probably  doeper  than  a  depth  of  35  feet  relative 
to  ground  level  at  G-4, 

The  resistivity  measurements  at  G-4  showed  the  highest  permeability 
of  all  measurements  In  the  area.  Also,  the  available  data  from  holes 
previously  drilled  Indicated  that  most  of  the  asphalt  was  Injected  Into 
the  dam  at  a  considerable  distance  north  of  G-4,  which  could  possibly 
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explain  Its  failure  to  plug  the  leek. 

This  data,  of  course,  represents  the  sub-structure  at  the  toe  of 
the  dam.  As  to  the  course  of  the  gravel  deposit  beneath  the  dam  one 
cannot  conclude  from  this  date. 


Richard  0.  Rechtlen 
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10  October  1067 


TOj  Drucker  6  Thacker 

Consulting  Engineers 
1045  S.  Brentwood  nlvd. 

Richmond  Heights  17,  Missouri 

rP.OMs  Dr.  Richard  D.  Recnticr. 

Geophysical  Consultant 
4  Crestviod  Ave, 

Rolla,  Missouri  65401 

SUBJECT:  REPORT  OR  GEOPHYSICAL  STUDIES  ON  THE  UPSTREAM  SIDE  OF 
LAKE  V.-AUUAMOKA  DAM,  HILLSBORO,  MISSOURI 

INVESTIGATION  OBJECTIVE: 

After  sealing  of  the  leak  in  the  Lake  Vauwanoka  Dam  in  late 
September,  additional  geophysical  studies  were  requested  on  the 
upstream  face  of  the  dam,  which  had  been  inaccessible  ir.  the  previous 
investigation.  The  purpose  of  the  present  study  was  to  detect  any 
horizontal  discontinuity  in  the  rock  structure  underlying  the  upstream 
face  of  the  dam  and  to  determine  any  areas  of  high  permeability,  which 
in  turn  would  indicate  a  possible  avenue  of  water  leakage  beneath  the 
dam. 

FIELD  INVESTIGATION: 

The  electrical  resistivity  method  war.  again  employed  to 
investigate  the  subsurface.  Field  work  was  conducted  cn  the  30tn 
cf  September  and  the  1st  cf  October  1067. 

Vertical  nrofile  data  was  taken  at  sixteen  equally  snared  locations 
along  a  line  parallel  to  the  water’s  edge.  The  elevation  the  line  of 
traverse,  which  was  approximate lv  constant,  was  64  feet  relative  to 
your  survey.  The  interval  between  rtatic.es  was  30  reet;  test  point 

318  corresnonding  to  the  iron  stak‘d  su . r;n d  at  anoroximatolv  406  feet 

relative  to  vour  drawing. 

Data  was  taker,  to  depths  or  75  "ect  with  the  exoootior.  ~c  test 
points  G15  and  324,  where  the  depths  cf  investigation  were  4 5  and  41 
feet  respectively.  The  75  foot  de-tr.  was  ror.si  !c-cd  adequate  ror  a 
satisfactory  determination  of  bedrock  conditions. 

or ergpe . 

The  results  o*  this  investigation  arc  summarized  in  Figures  1  and  2. 
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Figure  1  is  a  direct  overlay  of  the  dan  -roriie  figure  supplied 
by  G,  Brucker.  This  figure  -ros^nts  the  profile  o-'  the  under  1  vir." 
rock  structure  as  interpreted  rren  the  data. 

The  overburden-bedrock  interface  van  dete'-ted  at  on* rexinatelv 
10  feet  at  station  G28  cn  the  north  end  or  the  dam  race  and  decreased 
in  elevation  to  approximately  20  feet  at  station  S19.  Bedrock  was 
again  detected  at  20  feet  in  death  it  station  rll‘  and  became  shallower 
southward,  between  station  GIB  and  Gib  the  occurence  of  bedrock  at 
a  depth  of  20  feet  was  indicated  fas  shewn  in  Figure  1  be  a  dotted 
line),  however:  the  data  was  net  sufficiently  r  ■; r  ir.it  ivo  -g  these  points 
to  reach  a  definite  conclusion  rcr  this  do nth . 

At  a  depth  cf  24  feet,  ror  all  measurin'"  points,  a  strop.1?  electrical 
resistivity  variation  was  detected  weigh  indicated  3  firm,  continuous 
rock  layer  underlying  the  dam  alor~  this  line  or  traverse.  The  de-th 
profiles  were  terminated  at  this  mint  with  the  exception  or  the  data 
from  test  paints  G15  and  G24,  At  these  lections  data  rm.r  deepe- 
layers  was  obtained  for  correlation  vith  data  rro~  the  n— ivious 
survey.  The  horizontal  lines  cr.  the  "i-;:—;  ds-'ine  stream  "-asistivitv 
variations  and  indicate  the  into— "anc  b  v.weon  — ;cks  rr  ’i^'e-ent 
electrical  prone '"tics . 

Figure  2  snows  the  horizontal  variations,  in  th >  electrical 
resistivity  of  the  rocks  at  deaths  of  IB  mi  7"-  rcnt.  "he  an-..-.rant 
electrical  resistivity,  as  plotted,  is  inversely  proportional  to  the 
permeability  and  water  content  of  the  rubuvrrnna  ~ eternal.  Thu 
higher  apparent  electrical  resistivity  at  a  death  or  "d  "oet  rs 
compared  to  that  at  15  foot  reciects  the  decrease  in  permeability 
with  depth. 

The  low  point  in  either  curve  indicates  the  area  o"  high  permeability 
and  moisture  content.  This  point  occurs  in  both  casts  at  station  G15. 
However,  this  variation  as  here  shown  reflects  the  discontinuity  of 
the  shallow  rock  layers  at  these  points  as  shown  in  Figure  1,  where  a 
lower  resistive  soil  has  replaced  the  higher  resistive  rock  livers. 

There  is  no  indication  hern  that  a  higher  than  normal  oermaahilitv 
persists  in  this  area  at  depths  greater  than  24  *eet. 

CONCLUSIONS : 

Both  Figures  1  and  2  indicate  the  of  the  ole3,  stre^rn 

channel  in  the  vicinity  of  test  point  015,  However  the  total  variation 
in  electrical  resistivity  across  the  dam  face  does  not  indicate  the 
presence  of  a  possible  avenue  cf  leakage.  The  urr'e-ivinm  rocks  on 
the  upstream  sice  a*  the  dam  nnpa->— .  to  b°  in  much  better  condition 
than  those  on  the  back  side. 

The  results  of  this  investigation  >  not  show  any  re-ior.s  oc 
significant  seepage. 


) 


Richard  0,  gechtior. 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 

SOIL  CONSERVATION  SERVICE  _ _ _ 

1021  North  Kirkwood  rload,  kirkwood,  Missouri  Ml  22 

Ai.rll  12,  19?'* 


Mr.  George  Kristof 
3852  Virginia 
St.  Louis,  Missouri 

Dear  Mr.  Kristof t 

following  is  my  report  of  recommended  solutions  to  the  problems  I  sur¬ 
veyed  with  you  on  Anrll  9th  concerning  the  lake  Wauwanoka  develooment 
area. 

The  present  dam  shows  some  wave  action  damage  on  the  uDper  side.  If 
the  water  line  is  to  he  maintained  at  its  present  level  I  would  suggest 
some  additional  rock  rip-rapping  which  should  extend  approximately  one 
(l)  foot  above  your  permanent  water  line.  There  in  some  wave  action 
damage  along  the  shore  line,  however,  this  is  not  showing  evidence  of 
creating  a  serious  rroblem  at  this  time.  It  would  he  beneficial  to 
rip-rap  these  areas  or  build  a  rock  retaining  wall  like  some  of  the 
other  land  owners  have  done  to  protect  the  shore  line.  There  is  some 
minor  damage  on  the  back  side  of  the  dam  that  needs  reseeding  where 
motor  bikes  have  been  using  the  area  as  a  path.  Pathways  on  tne  back 
side  should  be  prohibited  because  they  tend  to  kill  the  grass  and  with 
the  bare"  soil  exposed  the  water  would  concentrate  in  that  area  and  a 
serious  erosion  problem  could  occur.  These  areas  need  to  be  torn  up 
and  reseeded  a3  soon  as  possible  before  some  erosion  does  start. 

The  brush  on  the  back  side  of  the  dam  should  be  eliminated.  Where  you 
have  sprayed,  It  appears  like  the  brush  is  dead.  You  may  want  to  try 
burning  the  dead  debris  that  Is  present  and  reseed  the  beck  of  the 
dam  with  K31  fescue  -  about  100  lbe.  You  may  not  get  much  germination 
at  thi3  time  of  the  year  by  broadcasting  it  in  the  heavy  mulch  cover 
that  you  have.  I  would  recommend  broadcasting  more  seed  during  the 
months  of  January  and  February  to  try  to  improve  the  stand  of  grass. 
vou  can  also  sprig  3ome  crown  vetch  on  the  lack  side.  If  you  do  not 
desire  to  sprig  the  entire  area  at  one  time  you  can  start  a  small 
tatch  and  then  use  this  as  a  source  for  future  sprigs. 

There  is  some  seepage  evident  on  tie  lack  tow  of  the  fill,  however, 
it  doesn't  appear  to  be  serious  at  this  time.  If  you  desire  this  could 
be  intercepted  and  dried  up  with  an  underground  perforated  pipe  laid 
along  the  back  side  of  your  dam.  This  would  also  tend  to  dry  in  the 
proposed  location  of  road  along  the  hack  side  of  the  dam.  If  a  road 
is  Installed  back  there  I  think  some  tyoo  of  drainage  pipe  is  needed 
to  oermit  a  solid  base  for  a  roihbed.  The  <‘mer "‘ncv  soillwa”  l.j  built 
on  solid  rock  and  does  not  appear  to  be  creating  much  damage.  I  would 
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caution  you  to  be  aware  of  any  erosion  activity  a Ion.:  the  banks  of  the 
spillway  and  if  some  should  occur  then  thin  needs  to  bo  rio-rapped  with 
heavy  rock  to  protect  the  banks  from  caving  off. 

A  concrete  box  could  be  installed  in  the  spillway  to  nermlt  you  to  regu¬ 
late  the  flow  of  water  and  for  this  I  would  request  our  engineer  to  pro¬ 
vide  a  design  for  vou,  I  would  not  recommend  any  blasting  in  that 
area  because  this  could  possibly  cause  a  fissure  in  the  rock  and  open 
up  another  crack  that  would  permit  additional  see  page  from  the  pond. 

A  small  pond  could  be  constructed  in  the  v.uliov  he  low  tlv>  present  lake 
and  this  could  be  used  as  a  rear  in*,  non  i  fur  fish  t.ro  h.icti  or .  1  would 

recommend  that  all  of  the  area  below  tin-  lake  be  nee j  g0r  recreation 
type  of  activity,  ho  permanent  honc-r  should  te  constructed  in  the  flood 
plain  below  the  da*  because  of  the  possible  loss  or  life  if  the  dam 
should  fail. 

The  road  surrounding,  the  lake  is  located  ideally  to  nerve  as  a  diversion 
around  the  lake  to  intercept  the  hillside  water  and  to  help  reduce  sil- 
tatlon  to  the  lake.  The  road  ditch  on  the  upper  side  of  the  road  needs 
to  be  cleaned  out  and  maintained  no  it  will  act  as  a  diversion.  The 
road  ditch  needs  to  have  positive  drainage  so  it  doesn't  hold  water  that 
would  saturate  your  roadhed  and  which,  in  turn,  would  break  the  road  up 
bv  creating  soft  road  conditions. 

The  main  areas  to  watch  from  this  road  are  the  culverts  under  the  road 
and  where  they  empty  into  the  natural  drainage  ditches  on  the  lower 
side  of  the  road.  These  could  become  active  but  at  the  oresent  time 
!hev  are  on  rock  and  do  not  appear  to  be  real  active.  A  rock  dam  could 
be  built  across  these  small  drainage  ditches  to  slow  the  water  down  and 
to  collect  silt.  This  rock  dam  should  be  about  three  (3)  feet  high. 

It  can  be  placed  in  the  ditch  with  the  base  about  four  (4)  foot  wide 
and  tapering  at  the  top  to  approximately  two  {?.)  feet  in  width.  The 
center  of  the  rock  dam  needs  to  be  lower  than  the  two  ends  to  permit 
the  water  to  go  over  the  rock  and  not  around  the  end  of  the  dam.  These 
could  bo  placed  periodically  throughout  all  of  the  drainage  ditches 
that  von  have. 

The  soring,  alon-T  lililsboro  Creek  could  probably  >*•  clewed  out  to  in¬ 
crease  its  flow  although  it  isn't  assure  5  tro  flow  will  be  ir, creased  by 
cleaning  it  out  but  it  does  show  evi  lenc.e  of  none  silt  building,  uo 
.irons  1  the  point  wh»re  the  spring  Is  trying  to  sen;  out  and  it  is  forcing 
some  water  out  in  a  different  location  ;o  it  x  w  ie  possible  that  if 
some  of  this  silt  is  cleaned  out  the  spring  may  flow  heavier. 

There  is  another  scenic  soring  on  up  the  creek  about  a  olle  that  has  a 
rock  wall  around  it  that  could  be  cleaned  out  ar.d  rebuilt  which  would 
serve  as  a  nice  scenic  development  area,  a  bird  sanctuary,  and  a  picnic 
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area  established  there  if  the  people  \r <  the  ■ 1  /  •  v .  •  J  -  >  ■  ■  i ,  t  on  de- deed. 

1  observed  a  nfitzor  in  the  south  side  o‘‘  tie  e'.ie  u.  that  lo  unite  old 
and  has  lost  its  lower  limb",.  It  mav  !»■  t  able  to  n-'uve  it  and  re¬ 

plant  with  a  new  one  to  maintain  the  beauty  of  the  area,  .’.one  of  the 
pine  trees  at  the  entrance  wav  show  some  f ro-t.  in-. are,  if  the  hods 
are  dead,  that  tip  of  the  branch  will  not  continue  to  r row ,  although  af¬ 
ter  a  bit  of  time  the  other  limb:;  will  r>rr.;  iHv  fiil  aro*’*'d  ’f.  I  do  not 
think  that  the  trees  will  die  from  the  llrnt  f ror.t  damage.  They  are 
retting  to  be  a  large  size  and  are  blockin'-:  the  view  a.  you  enter  the 
lake  development.  Dome  Interest  was  shown  in  removing  these  and  plant¬ 
ing  some  more  of  smaller  size.  If  this  is  done  1  would  recommend  the 
trees  be  planted  in  a  wider  soao 1  nr  so  when  they  do  nature  you  will  not 
be  confronted  with  the  same  problem  again. 

There  has  been  a  new  Dond  constructed  on  the  northeast  fork  which  is 
across  your  property  lino.  Thin  pond  in  nervine:  as  a  silt  basin  for 
you  and  it  is  a  good  practice  to  build  those  on  draws  above  your  estab¬ 
lishment  although  this  pond  has  no  pipe  in  it  to  handle  the  excess 
drainage  it  is  receiving  and  the  spillway  nay  tend  to  wash  out.  If  this 
happens  he  will  need  to  repair  the  spillway  or  he  may  wish  to  install  a 
pipe.  Overall  your  drainage  into  the  lake  is  of  an  excellent  nature. 

It  is  predominantly  woodland  with  a  good  leaf  mulch  cover  and  underbrush 
that  is  protecting  the  land  and  is  not  producing  much  silt,  as  is  evi¬ 
dent  by  looking  in  the  coves  and  the  other  drainage  ditches  going  into 
the  lake.  There  is  a  small  area  on  the  too  of  the  ridge  as  you  enter 
the  lake  that  is  seeded  in  good  fescue.  The  re  in  not  ari  excessive 
amount  of  erosion  and  1  would  not  anticipate  anv  as  Ion/:  as  the  land 
In  used  as  it  is  at  present. 

The  timber  that  vou  propose  to  cut  will  prohaM.v  result  in  some  damage 
because  of  the  necessity  to  build  a  logging  trail  to  the  area.  1  would 
recommend  that  all  the  disturbed  area  be  Immediately  seeded  with  perennial 
rve  and  K31  fescue  to  provide  a  quick  cover  to  help  reduce  anv  slltation 
or  the  area. 

The  ma  jor  stream  coning  from  the  west  into  ti*-  ia'-e  doe.-,  not  show  much 
activity  cutting  from  the  banks.  There  is  son--  minor  erosion  in  the 
curves  of  tills  creek,  these  need  to  be  witched  an  1  if  they  continue  to 
lx*  active  then  these  curves  should  1*  r i n-r.ipped  with  heavy  rock.  There 
was  one  point  in  the  curve  where  the  creek  water  was  .jumping  out  of  its 
bmk  at  flood  time  and  is  running  down  the  dirt  road  creating  quite  a 
scour  problem,  Ttie  low  snot  in  the  creek  on  the  east  bank  should  be 
rl lied  up  to  eliminate  the  water  .jumping  out  or  its  bank,  at  that  location. 

If  I  can  be  of  any  further  assistance  to  vou  please  feel  free  to  call. 


Chart  4-3 


Sincerely, 


District  Conservatibnist 


cc  -  Max  Mull,  AC 
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DOWNSTREAM  FAC!  OF  DAM 


NO.  3:  BROKEN  SUBDRAIN  PIPE 


NO.  4:  SUBDRAIN  OUTLET 


NO.  6:  CATTAILS  BELOW  DAM 
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HYDROLOOIC  COMPUTATIONS 


1 .  The  HEC-I  Dam  Safety  Version  (July  1978)  program  was  used  to  develop 
inflow  and  outflow  hydrographs  and  dam  overtopping  analyses,  with  hydrologic 
inputs  as  follows: 

a.  Probable  maximum  precipitation  (200  sq.  mile,  24-hour  value  equals 
25.7  inches)  from  Hydrometeorological  Report  No.  33.  One  hundred  year  fre¬ 
quency  (one  square  mile  precipitation,  24-hour  value  equals  7.22  inches)  from 
U.S.  Weather  Bureau  Technical  Paper  No.  40. 

b.  Drainage  area  =  2.06  square  miles 

■  1,320  acres 

c.  SCS  parameters 

Lag  time  =  0.25  hours 
Soil  type  CN  *  91 

2.  The  spillway  section  consists  of  a  broad-crested,  approximately  U- 
shaped  concrete  and  rock  section  for  which  conventional  weir  formulas  do  not 
apply. 

Spillway  release  rates  were  determined  as  follows: 

(1)  Spillway  crest  section  properties  (area,  a  and  top  width,  t) 
were  computed  for  various  depths,  d. 

(2)  It  was  assumed  that  flow  leaving  the  spillway  crest  would  occur 

at  critical  depth.  Flow  at  critical  depth  (Qc)  was  computed  as 

Qc  *  ( a ^  g)^*^  for  the  various  depth,  d. 
t 

Corresponding  velocities  (vc)  and  velocity  heads  (Hvc)  were 
determined  using  conventional  formulas. 


B-l 


I 
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(3)  Static  lake  levels  corresponding  to  the  various  Qc  values  passing 
over  the  spillway  were  computed  as  critical  depths  plus  critical 
velocity  head  (dc  +  Hvc) ,  and  the  relationship  between  lake  level 
and  spillway  discharge  was  thus  obtained.  The  procedure  neglects 
the  minor  insignificant  friction  losses  across  the  length  of  the 
spillway. 

3.  The  profile  of  the  dam  crest  is  irregular  and  flow  over  the  dam  crest 
cannot  be  determined  by  conventional  weir  formulas.  Flow  quantities  overtop¬ 
ping  the  dam  crest  were  computed  as  described  in  the  preceding  paragraph  and 
corresponding  flow  over  the  dam  and  spillway  for  given  elevations  were  added 
to  obtain  the  combined  outflow  rating  curve  for  the  dam  and  spillway.  This 
rating  curve  is  shown  on  Plate  10.  The  inflow  and  outflow  hydrographs  for  the 
PMF  are  shown  on  Plate  11. 


FLOOD  HYOROGRAPH  PACKAGE  (HEC-l) 
HAM  SAFETY  VERSION  J'lLY  IRTft 

LAST  MODIFICATION  3  AMG  7« 
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f>  hyOQOLOOI  C— HYnPAtJLlC  ANALYSIS  OF  SftFFTY  OF  I.A'-'F  WAUWANOKA  DAM 

M  infl  YR  FLOOD  DOtiTFD  THROUGH  RFFFRVOIP 
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